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(54) Vehicle drive train torsional vibration control apparatus 



(57) In a rotational vibration control apparatus for 
suppressing rotational vibration of a drive train of a 
motor vehicle, a vibrational component of rotational 
vibration of the drive train is detected, which component 
is included in a certain vehicle state quantity including at 
least one of the torque of an output shaft, acceleration in 
a longitudinal direction of the vehicle, the speed of rota- 



tion of an input shaft of a transmission, and the speed of 
rotation of an output shaft of the transmission, and at 
least one of the engine torque and the change gear ratio 
is changed based on the detected vibrational compo- 
nent of the rotational vibration. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to an apparatus for suppressing rotational vibration generated in a drive train 
of a motor vehicle. 

10 2. Description of Related Art 

[0002] Japanese Laid>open Patent Publication (Kokai) No. HEI 3-271537 discloses a known technique for sup- 
pressing torsional vibration that occurs in a drive train when an accelerator pedal is depressed. In this publication, It is 
proposed to control the throttle opening, using a pre-compensator that is set based on an Inverse system of inherent 
75 transfer characteristics of a particular vehicle (the vehicle in question) between the throttle opening and the driving 
torque, and transfer characteristics of a target vehicle between the accelerator pedal position and the driving torque, 
thereby to suppress torsional vibration and improve response characteristics. 

[0003] Another technique for suppressing torsional vibration of a drive train is disclosed in the Collection of Presen- 
tation Manuscripts No. 9-99» p. 5-8 for the JSAE Technical Lecture. This technique is used for suppressing torsional 
20 vibration that occurs especially when the accelerator pedal is depressed in a low-speed and coasting state, so that the 
torque converter can lock up in a tower speed range for improvement of the fuel economy. With this technique, an elec- 
tronic throttle is controlled using a model matching compensator having frequency characteristk:s for damping only a 
natural frequency (resonance frequency) range of a model that is a linear approximation of a vehicle including an 
engine-transmission system. 

25 [0004] The transfer characteristics of rotational vibration in the engine-transmission system vary depending upon, 
for example, operating temperatures, atmospheric pressure, changes in the weight, or chronological changes. The 
transfer characteristics also differ among individual products. Since a control system has been conventionally designed 
without taking account of these variations, the control perfomnance inevitably deteriorates due to the variations in the 
above transfer characteristics. Namely, it has been difficult to provide vibration suppression control that is stably per- 

30 formed over a long period of use under various operating conditions. 

[0005] In the case where the vibration control system (the throttle opening control apparatus) as described above 
is a multiple-input system that receives a plurality of inputs, such as engine torque and change gear ratio, the inputs 
may interfere with each other, thus making it impossible to easily set a compensator that has been used in the art. 

35 SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide a vehicle drive train rotational vibration control apparatus 
whteh is simple in construction and provides a stable vibration suppressing effect. 

[0007] To accomplish the above object, the present invention provides a rotational vibration control apparatus for 
40 suppressing rotational vibration of a drive train of a motor vehicle, comprising a rotational vibration detector that detects 
a vibrational component of rotational vibration of the drive train, the vibrational component being included in a certain 
vehicle state quantity comprising at least one of a torque of an output shaft, an acceleration in a longitudinal direction 
of the vehicle, a speed of rotation of an input shaft of a transmission, and a speed of rotation of an output shaft of the 
transmission; and a rotational vibration suppressing unit that changes at least one of an engine torque and a change 
45 gear ratio, based on the vibrational component of the rotational vibration detected by the rotational vibration detecting 
unit. 

[0008] In the control apparatus constructed according to the present invention, the vibrational component of rota- 
tional vibration is extracted, and the rotational vibration is suppressed by reducing the extracted vibrational component. 
With the apparatus thus constructed, there is no need to set target paths for the above-indicated vehicle state quanti- 
se ties, such as the torque of the output shaft. 

[0009] In one preferred form of the present invention, the rotational vibration control apparatus further includes a 
vehicle state quantity detecting unit that detects at least one vehicle state quantity including the certain vehicle state 
quantity. In this apparatus, the rotational vibration detecting unit comprises a model vehicle state quantity determining 
unit that calculates the certain vehicle state quantity, based on a rigid model of the vehicle drive train, and a state quan- 
55 tfty comparing unit that determines the vibrational component of the rotational vibration, by comparing the certain vehi- 
cle state quantity generated from the vehicle state quantity detecting unit with the certain vehicle state quantity 
generated from tiie model vehicle state quantity determining unit 

[0010] In another preferred form of the invention, the rotational vibration detecting unit is constructed based on a 
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physical model of the vehicle drive train, and includes an observer that observes the vibrational component of the rota- 
tional vibration included in the certain vehicle state quantity. 

[0011] In a further preferred form of the invention, the rotational vibration suppressing unit changes the engine 
torque or the change gear ratio, in view of variations in response characteristics of the engine or the transmission, 
5 respectively. In this case, a robust control system can be designed In view of variations in response characteristics of 
the engine-transmission system. 

[0012] In a still further preferred form of the invention, the rotational vibration suppressing unit changes a controller 
of a control system depending upon the change gear ratio. With the controller thus changed depending upon the 
change gear ratio, a n on -linear characteristic that varies with the change gear ratio is taken into consideration. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and further objects, features and advantages of the present invention will become apparent 
from the following description of preferred embodiments with reference to the accompanying drawings, wherein: 

75 

Fig. 1 is a control block diagram schematically showing a vehicle drive train rotational vibration control apparatus 
constructed according to one preferred embodiment of the present invention; 

Fig. 2 is a schematic view showing an example of a rotational vibration detecting unit, which is adapted to detect a 
vibrational component of the rotational vibration, using a rigid model; 
20 Fig. 3 is a schematic view of a simplified physical model of a vehicle system to be controlled; 

Fig. 4 is a schematic view showing an example of a rotational vibration detecting unit, which is adapted to detect a 
vibrational component of the rotational vibration, using an observer constructed based on a vibrational component 
model; 

Fig. 5 is a block diagram of a control system according to the preferred embodiment of the present invention; 
25 Fig. 6 is a block diagram of a simulation model of a motor vehicle that is constructed as including an engine and a 

continuously variable transmission; 

Figs. 7A, 7B and 7C are graphs showing simulation results during shifting of the transmission in an ideal control 
system that is free from variations in the object to be controlled; and 

Figs. 8A, 88 and 8C are graphs showing simulation results during shifting of the transmission in a control system 
30 In which the object to be controlled is subjected to variations. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

35 

[0014] Fig. 1 schematically shows a vehicle drive train rotational vibration control apparatus constructed according 
to the present invention. Referring to Fig. 1 , the first embodiment of the present invention will be now described. 
[001 5] Where the drive train rotational vibration control apparatus is a multi-input system, the interference between 
inputs received by the apparatus causes a serious problem especially in a continuously variable transmission whose 

40 change gear ratio continuously changes. Thus, the first embodiment of the present invention is directed to the case 
where the motor vehicle 2 to be controlled is equipped with a continuously variable transmission 4. 
[0016] The control apparatus of the present embodiment is intended to overcome deterioration in control perform- 
ance resulting from variations in various factors that can affect rotational vibration. To this end, it is required to design a 
control system in view of these variations. Such a control system is difficult to realize with feed-forward control as 

45 employed in known systems, but may be suitably designed with feedback control. For this reason, the control apparatus 
of the present embodiment employs feedback control. 

[0017] The present apparatus aims at suppressing or reducing fluctuations in the torque of the drive shaft or fluc- 
tuations in the acceleration as measured in the longitudinal direction of the vehicle, which fluctuations arise due to rota- 
tional vibration. Control inputs applied to an object to be controlled are an engine torque command value, such as a 

50 throttle opening or a fuel injection amount, with which the engine torque can be controlled, and a change gear ratio of 
the continuously variable transmission 4. Although it is desirable to use the torque of the drive shaft as an observation 
quantity that is observed from the object to be controlled, a torque sensor is not normally installed on the vehicle. In this 
case, therefore, it is possible to employ a method of estimating an observation quantity by means of an observer, or 
more practically, to employ a method of using, as an observation quantity, the speed of rotation of an input shaft (or an 

55 output shaft) of the continuously variable transmission, which speed can be easily obtained. 

[001 8] In addition to the continuously variable transmission 4, the motor vehicle 2 includes an engine 6 that supplies 
power to the continuously variable transmission 4. and a vehicle inertial mass 8 that is driven upon receipt of a power 
output from the continuously variable transmission 4. An engine torque command value, as a control input applied to 
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the engine 6, is generated from an engine torque connmand unit 10. A change gear ratio, as a control input applied to 
the continuously variable transnnission 4, is generated from a change gear ratio command unit 12. 
[001 9] A vehicle state quantity detecting unit 1 4 detects at least one of vehicle state quantities, such as output shaft 
torque, vehicle acceleration as measured In the longitudinal or vehicle running direction, speed of rotation of the input 
5 shaft of the continuously variable transmission, speed of rotation of the output shaft of the continuously variable trans- 
mission, and engine torque, as an observation quantity or quantities. The vehicle state quantity detecting unit 14 may 
be designed to directly obtain an observation quantity by means of a sensor, or calculate a desired observation quantity 
based on directly obtained measurement values. 

[0020] A rotational vibration detecting unit 1 6 detects a vibrational component of rotational vibration of a vehicle 

10 drive train based on the vehicle state quantity observed by the vehicle state quantity detecting unit 14. In one method 
of detecting a vibrational component of rotational vibration, a rigid model that is free from rotational vibration is used as 
a physical model of the drive train. Fig. 2 is a schematic view illustrating an example of the configuration of the rotational 
vibration detecting unit 16 that operates according to this method. A model vehicle state quantity determining unit 18 
uses vehicle state quantities (the speed of rotation of the input shaft of the continuously variable transmission, the 

15 speed of rotation of the output shaft of the continuously variable transmission, and engine torque in the example of Fig. 
2) generated from the vehicle state quantity detecting unit 14, so as to determine a certain vehicle state quantity (the 
speed of rotation of the input shaft of the continuously variable transmission In Rg. 2) based on the rigid model. The 
certain vehicle state quantity generated from the model vehicle state quantity determining unit 1 8 involves no vibrational 
component of rotational vibration. Thus, a n on -vibrational component of the rotation speed of the input shaft of the con- 

20 tinuously variable transmission is obtained from the model vehicle state quantity determining unit 1 8. A mixer 20 com- 
pares the rotation speed of the input shaft of the continuously variable transmission including the vibrational 
component, which is transmitted from the vehicle state quantity detecting unit 14, with the non-vibrational component 
from the model vehicle state quantity determining unit 18. The mixer 20 then extracts a vibrational component of rota- 
tional vibration, and outputs the extracted component to a drive train rotational vibration suppressing unit 22 that is dis- 

25 posed in the later stage. 

[0021 ] A simplified physical model is illustrated in the schematic view of Fig. 3 for the purpose of explaining the rigid 
model as mentioned above. A command value indicative of engine torque Te is applied from the engine torque com- 
mand unit 10 to the engine 6, and a combination of the engine torque Te and engine speed Ne that provides the maxi- 
mum fuel efficiency is selected as an operating point. Je in Fig. 3 represents the moment of Inertia of the engine. A 

30 command value indicative of a change gear ratio y is applied from the change gear ratio command unit 12 to the con- 
tinuously variable transmission 4. The moment of inertia Jcvt of continuously variable transmission 4 depends upon 
the change gear ratio y. The input shaft of the continuously variable transmission 4 is connected to the engine 5, and is 
caused to rotate at a rotation speed Ni. The output of the continuously variable transmission 4, on the other hand, is 
transmitted to a drive shaft 32 via a differential gear 30 (moment of inertia Jd), and further to wheels 34 (moment of iner- 

35 tia Jt), whereby the vehicle body 36 (equivalent moment of inertia Jb) is driven against the running resistance torque 
Td. The drive shaft 32 has a damper coefficient Cd and a spring modulus Kd. In the simplified model explained herein, 
the spring modulus Kd of the drive shaft 32 comprehensively represents a spring system of the whole drive train. The 
following equations of motion are satisfied or established with respect to the simplified physical model of the drive train. 

40 2k (Je + J CVT + Jcl) Ni = {Te - (Kd Gd + Cd Gd) / (y A.r Xd)} (1 ) 

ed = 2%{N\ I (y Xr Xd) - Nout) 

27i(Jt-Klb)Nout= {(Kded+ Cded)-Td)} 

45 

where Xr, A,d and Od represent a reduction ratio of a reduction gear of the continuously variable transmission 4, a reduc- 
tion ratio of the differential gear 30, and angle of torsion of the drive shaft 32, respectively. Also, the speed of rotation 
measured at the output end of the drive shaft 32 is defined as the rotation speed Nout of the output shaft of the contin- 
uously variable transmission 4. 
50 [0022] The rigid model is obtained by making (Kd Gd + Cd Gd) constant in the above-indicated expressions (1 ): 

Kd Gd + Cd Gd = constant (2) 

[0023] As another method of detecting a vibrational component of rotational vibration, it is possible to use an 
55 observer relating to the vibrational component. In this method, a vibrational component model that represents a vibra- 
tional component is obtained through variable transformation in the physical model of the drive train as expressed by 
the spring, mass and damper in the above expressions (1). 

[0024] More specifically, the physical model as indicated by the above expressions (1) can be represented by a 
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state equation (A) as follows: 

X = Ax + Bu (A) 



5 y = Cx + Du 

where x is state variable and is equal to [Ni, Gd, Nout]^, u is engine torque command value Te, or rotation speed Ni of 
the input shaft of the CVT, or rotation speed Nout of the output shaft of the CVT, (or may be a change gear ratio com- 
mand value y), and y is rotation speed Ni of the input shaft of the CVT. The state variable is transformed according to 

10 the expression (B) below, so that the state equation is converted into a Modal type canonical state space representation 
as indicated by the expression (C) below (in which matrix A is a diagonal matrix in which its eigenvalues are arranged 
diagonally). This makes It possible to separate a vibrational model (in which the eigenvalues of matrix A are imaginary 
numbers) from a non-vibrational model (in which the eigenvalues of matrix A are real numbers) on the state space rep- 
resentation. In this manner, a design model from an input, such as an engine torque command value, to a vibrational 

IS component of the rotation speed of the input shaft of the CVT can be obtained as indicate 




20 



d by the expression (D) below, where T is transformation matrix, x^ is state variable for a model of a vibrational compo- 
nent of the rotation speed of the input shaft of the CVT, and X2 is a state variable for a rigid model. 



30 



35 



y = IC, CJ ^x,j + Du - (C) 

[o aJ [bJ 



= m (Cl C2] = CT^ 



X, = AiX, + B| u 

y, = C,x, + DiU '-(D) 



where yi is vibrational component of the rotation speed of the input shaft of the CVT. 

[0025] Fig. 4 is a schematic view illustrating one example of the structure of the rotational vibration detecting unit 
16 that operates according to this method. In this example, an observer 40 observes a vibrational component of the 
45 rotation speed of the input shaft of the continuously variable transmission and outputs it to the drive train rotational 
vibration suppressing unit 22 disposed in the later stage. 

[0026] The vehicle drive train rotational vibration suppressing unit 22 outputs one or both of the amount of change 
in the change gear ratio and the amount of change In the engine torque for suppressing rotational vibration, in accord- 
ance with the vibrational component extracted by the rotational vibration detecting unit 16 using the aforementioned 

50 rigid model or observer. The amount of change in the change gear ratio is added to the change gear ratio generated 
from the change gear ratio command unit 12. A value resulting from the addition is then defined as a change gear ratio 
command value to be applied to the continuously variable transmission 4. Similarly, the amount of change in the engine 
torque is added to the engine torque generated from the engine torque command unit 10. A value resulting from the 
addition is then defined as an engine torque command value to be applied to the engine 6. It is also possible to use an 

55 engine throttle opening command value and an amount of change in the throttle opening in place of the engine torque 
command value and the amount of change in the engine torque, respectively. 

[0027] In the above manner, the control apparatus of the present embodiment is adapted to extract a vibrational 
component of rotational vibration and perform feedback control so as to suppress the vibrational component This appa- 
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10 



20 



25 



ratus is simple in construction since there is no need to prepare in advance target values of the drive torque, the rotation 
speed of the input shaft of the continuously variable transmission, and the like, for suppressing rotational vibration, 
which values are to be set in accordance with various conditions (such as an accelerator pedal position, engine speed, 
and a vehicle speed) for reducing rotational vibration. 

[0028] The vehicle drive train rotational vibration suppressing unit 22 is able to provide a good vibration suppress- 
ing effect by taking account of changes or variations in the transfer characteristics of rotational vibration. As one such 
method, Hoo gain schedule control may be employed. A structure using this method will be now described in detail 
[0029] Fig. 5 is a block diagram of a control system in the apparatus constructed as shown in Fig. 1 . Referring to 
Fig. 5, "P" denotes an ideal vehicle system that principally consists of the engine 6 and the continuously variable trans- 
mission 4. The input "u" to the system is either a change gear ratio y of the continuously variable transmission 4 or an 
engine torque Te. The output "e" of the system is a variable representing rotational vibration of the drive train, for exam- 
ple, a vibrational component of the rotation speed of the input shaft of the continuously variable transmission extracted 
by the rotational vibration detecting unit 16 in the present embodiment. In Rg. 5, "K" denotes a controller, and "A" rep- 
resents modeling errors such as dynamics that are ignored In the vehicle system P , dynamics variations, chronological 
changes, and observation errors, which are expressed as multiplicative errors for the vehicle system R In Fig. 5, "y" 
denotes an observation quantity, which is the speed of rotation of the input shaft of the continuously variable transmis- 
sion in the present embodiment. 

[0030] The first control object of the apparatus of the present embodiment is to minimize a vibration component of 
the rotation speed of the input shaft of the continuously variable transmission that represents rotational vibration, in the 
presence of disturbances "d" which are applied to the system as multiplicative errors. The second control object of the 
apparatus is to make a closed-loop system stable for any possible disturisance "d" that can be supposed. Thus, the con- 
trol problem to be solved by the present embodiment is to derive a controller that accomplishes both of the above 
objects. Here, this control problem is replaced by an H<» control problem, whteh is then solved. 
[0031] Initially, the first control object is described using a constraint conditional expression for Hoo norm as indi- 
cated by the following expression (3). 



II W^SII^ <1 



(3) 



where S = 1/(1 + PK ), and is a low-pass filter whose gain Is flat until the frequency reaches the vicinity of the res- 
30 onance frequency of rotational vibration. 

[0032] The second control object is described using a constraint conditional expression for Hoo nornn as indicated 
by the following expression (4). 



.<1 



(4) 



where T- PK/(1 + PK ), and W2 is a high-pass filter including the gain of the error 4 whose gain is flat in a frequency 
range higher than the resonance frequency of rotational vibration. The expressions (3), (4) may be rewritten into one 
conditional expression for Hoo norm as indicated by the expression (5). 
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...(5) 
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[0033] The controller K can be calculated by solving the Hoo control problem that satisfies the expression (5), This 
problem is known as a problem of so-called mixing sensitivity. 

[0034] The object to be controlled is represented by a nonlinear equation with respect to the change gear ratio y, 
as indicated by the expressions (1). Here, the object to be controlled is regarded as a parameter-dependent model 
which uses the change gear ratio y as a parameter. For example, models corresponding to the maximum and minimum 
values Ymax- Ymln the parameter y are expressed by the following linear state equations (6), (7), respectively. 



x = A(y^J + B(y^.Ju 
y = C(Ymin) + D(y^j„)u 



(6) 



6 



EP 1 097 834 A2 

5 y=C(Y,nax)+D(Y^ax)" 
where x = [Ni, ed, Nout]^, u =Te, and y = Ni. 

[0035] By solving the aforementioned Hoo control problem with respect to the equations (6), a controller for y^jp is 
given by the following equations (8). 

10 

>^ci=AciXci +Bciy (8) 
y=CciXci+Dci" 

15 [0036] Similarly, by solving the aforementioned Hoo control problem with respect to the equations (7), a controller 
for Ymax is given by the following equations (9). 

X C2=A C2^ C2"'"^ 

20 y=Cc2Xc2 + Dc2U 

[0037] By linearly interpolating both the controllers for y^^^f^ ,Ymax' 's possible to derive a gain schedule controller 
corresponding to an arbitrary value y as represented by the following expressions (1 0). Parameter 9 is equal to (y - Ymin) 
/ (Ymax - 7»Tiin). and Xqi, Xc2 anci xq are state quantities of the controller, 

25 

ic{(1-0)Aci +©Ac2}Xc+{(1-G)Bci+eBc2}y (10) 

y = {(1 - e)Cci + 0Cc2})Cc + {(1 - G)Dci + 0 Dcgly 

30 [0038] As a method of obtaining the aforementioned gain schedule controller, it Is proposed to find a solution 
through resolution into the problem of a linear matrix inequality (LMI) (IEEE Transaction on Automatic Control, Vol. 40, 
No. 5, 1 995, p. 853-864). 

[0039] Next, the control perfomnance of the thus obtained Hoo gain schedule controller will be described. Fig. 6 is a 
block diagram showing a simulation model of a vehicle that is constructed as including an engine and a continuously 

35 variable transmission. In this model, dynamics of the engine and continuously variable transmission are taken into con- 
sideration. In Fig. 6, the same reference numerals as used in Fig. 3 are used for identifying elements that are identical 
with the elements constituting the physical model of Fig. 3, and no detailed description will be provided for these corre- 
sponding elements. In the model shown in Fig. 6, a fluid clutch 50 Is provided between the engine 6 and the continu- 
ously variable transmission 4 for permitting or inhibiting power transmission between the engine 6 and the transmission 

4o 4. A driving force control unit 52 receives inputs such as an accelerator pedal position, and outputs an engine torque 
command value applied to the engine 6 and a parameter yr relating to the change gear ratio of the continuously variable 
transmission 4, based on the inputs thus received. A change gear ratio y corresponding to the parameter yr is deter- 
mined in accordance with characteristics of the continuously variable transmission. This value y is transmitted to the 
continuously variable transmission 4 and also to an Hoo gain schedule controller 56. The Hoo gain schedule controller 

45 56 receives the rotation speed Ni of the input shaft of the continuously variable transmission as well as the change gear 
ratio Y- Based on the controller which varies depending upon y as indicated by the expressions (1 0), the Hoo gain sched- 
ule controller 56 detennines an amount of change in the engine torque that corresponds to a vibrational component 
included in the rotation speed Ni of the input shaft of the continuously variable transmission. 

[0040] The above simulation model is used for performing control for suppressing rotational vibration during shifting 
50 of the transmission. In order to clearly distinguish the effect provided by the control method of the present invention from 
the effect provided by a conventional control method, simulation was conducted according to two control methods. In 
the first control method, which is a conventional control method, feed-fonward control is perfomied so that target values 
of engine torque and change gear ratio for achieving driving force estimated through depression of an accelerator pedal 
by the driver are set to values with which rotational vibration can be suppressed. In the second control method, the 
55 aforementioned Ho© gain schedule control (feedback control) peculiar to the present invention is performed in addition 
to the first control method. The Ho© gain schedule controller 56 is operated only in the second control method. 
[0041 ] Figs. 7A - 7C show results of simulation during shifting of the transmission in an ideal control system wherein 
there are no changes in the object to be controlled. Figs. 7A, 78 and 7C are graphs respectively showing changes in 
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torque Tout of the output shaft, rotation speed Ni of the input shaft of the continuously variable transmission, and 
change gear ratio y ( =/speed ratio), with tinne. In Figs. 7A through 7C, dotted lines indicate the results of the first control 
nnethod and solid lines indicate the results of the second control nnethod. In this case, both the first and second control 
methods can accomplish driving force control with which rotational vibration is suppressed 

5 [0042] Rgs. 8A - 8C show results of simulation in which the object to be controlled is subjected to changes (dynam- 
ics that have been ignored and changes in the dynamics are comprehensively regarded as 50% changes in each of the 
spring and damper of the drive shaft). Figs. 8A, 8B and 8C are graphs respectively showing changes in the torque Tout 
of the output shaft, rotation speed Ni of the input shaft of the continuously variable transmission, and the engine torque 
Te, with time. In Figs. 8A through 8C, dotted lines indicate the results of the first control method, and solid lines indicate 

10 the second control method. In this case, rotational vibration occurs in the first control method, whereas vibration is sup- 
pressed in the second control method. 

[0043] In Rgs. 7B and 8B, Ni is expressed by the number of revolutions per second. Although Tout and Te are 
expressed in units of l<gf • m because of the specification of the simulator, they are converted into values in the SI unit 
system according to the relationship, 1 kgf • m = 9.8N • m. 

75 [0044] In the illustrated embodiment, the controller is derived according to the Hoo gain schedule method. However, 
the present invention is not limited to this particular method, but may employ any control theory for deriving the control- 
ler as long as it can take account of uncertainties and variations. Furthermore, while the engine torque is used as a con- 
trol input in this embodiment, it is also possible to use a variable, such as a throttle opening or a fuel injection amount, 
with which the engine torque can be controlled, as a control input. Also, the change gear ratio of the continuously vari- 

20 able transmission may be employed as a control input, or both the engine torque and change gear ratio may be control- 
led at the same time, to provide similar effects. 

[0045] The terni "rotational vibration" is to be Interpreted to include torsional vibration due to the rigidity of the drive 
train and vibration of accessories. Further, since torque control can be perfomned, it is also possible to suppress torque 
vibration orftuctuations using a signal obtained by detecting fluctuations in the torque, as well as fluctuations in the rota- 

25 tion speed. 

Second Embodiment 

[0046] In the illustrated embodiment, the control is performed by the gain schedule controller whk^h uses the 
30 change gear ratio y as a parameter as indicated by the expressions (1 0). In the present embodiment, on the other hand, 
a controller is derived from a model in which the change gear ratio is fixed or made constant. In this method, changes 
in the object to be controlled due to a varying change gear ratio are treated as a component of error A. The controller is 
constructed such that robustness for the error A is achieved despite the fixed change gear ratio y. 
[0047] More specifically, the Hoo control problem as indicated in the first embodiment is solved using the following 
35 state equations (1 1) instead of the expressions (6), (7), for a model of the object to be controlled wherein the change 
gear ratio y is equal to ys (y^jn <7S<y max)- 

X = A(ys)x+B(ys)u (11) 

40 y=C(ys)x+D(ys)u 

[0048] Using the above state equations (1 1 ), a controller as represented by the following equations (1 2) is obtained 
by solving the Hco control problem as indicated in the first embodiment. In the expressions (1 1 ), x = [Ni, ed, Noutj^, u Te, 
and y =Ni. 

45 

Xc=AcXc+Bcy (12) 

y=CcXc+DcU 

50 where represents a state quantity of the controller. The controller expressed by the equations (1 2) is constant regard- 
less of y and is different in this respect from the controller of the first embodiment expressed by the equations (10). In 
this manner, the controller expressed by the equations (1 2) is designed using a model wherein the change gear ratio is 
fixed to ys. By ensuring robustness for changes in the change gear ratio in designing the controller, it can be expected 
to achieve the control performance close to that of the first embodiment. 

55 [0049] The drive train rotational vibration control apparatus of the present invention is constructed such that only a 
vibrational component of rotational vibration of a vehicle state quantity, such as the torque of the output shaft, rotation 
speed of the Input shaft of the transmission, or the rotation speed of the output shaft of the transmission, is extracted, 
and rotational vibration is suppressed by reducing the vibrational component. Thus, there is no need to provide target 
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paths for the vehicle state quantities, resulting in simplified construction of the apparatus and a more rapid development 
of the apparatus. Further, since the apparatus of the present invention is constructed based on feedbacl< control, it is 
possible to design a robust control system which takes account of changes in the response characteristics of the 
engine-transmission system. Thus, the vibration suppressing effect is kept stable even in the presence of changes in 

5 the response characteristics. 

[0050] While the present invention has been described with reference to what are presently considered to be pre- 
ferred embodiments thereof, it is to be understood that the present invention is not limited to the disclosed embodiments 
or constructions. On the contrary, the present invention is intended to cover various modifications and equivalent 
arrangements. In addition, while the various elements of the disclosed invention are shown In various combinations and 

10 configurations which are exemplary, other combinations and configurations, including more, less or only a single 
embodiment, are also within the spirit and scope of the present invention. 

[0051] In a rotational vibration control apparatus for suppressing rotational vibration of a drive train of a motor vehi- 
cle, a vibrational component of rotational vibration of the drive train is detected, which component is included in a cer- 
tain vehicle state quantity including at least one of the torque of an output shaft, acceleration in a longitudinal direction 
15 of the vehicle, the speed of rotation of an input shaft of a transmission, and the speed of rotation of an output shaft of 
the transmission, and at least one of the engine torque and the change gear ratio is changed based on the detected 
vibrational component of the rotational vibration. 

Claims 

20 

1. A rotational vibration control apparatus for suppressing rotational vibration of a drive train of a motor vehicle, com- 
prising: 

rotational vibration detecting means for detecting a vibrational component of rotational vibration of the drive 
25 train, said vibrational component being included in a certain vehicle state quantity comprising at least one of a 

torque of an output shaft, an acceleration In a longitudinal direction of the vehicle, a speed of rotation of an 
input shaft of a transmission, and a speed of rotation of an output shaft of the transmission; and 
rotational vibration suppressing means for changing at least one of an engine torque and a change gear ratio, 
based on the vibrational component of the rotational vibration detected by the rotational vibration detecting 
30 means. 

2. A rotational vibration control apparatus according to claim 1 , further comprising: 

vehicle state quantity detecting means for detecting at least one vehicle state quantity including the certain 
35 vehicle state quantity, 

wherein said rotational vibration detecting means comprises: 

model vehicle state quantity determining means for calculating the certain vehicle state quantity based on a 
rigid model of the vehicle drive train; and 

state quantity comparing means for determining the vibrational component of the rotational vibration by com- 
40 paring the certain vehicle state quantity generated from the vehicle state quantity detecting means with the cer- 

tain vehicle state quantity generated from the model vehicle state quantity determining means. 

3. A rotational vibration control apparatus according to claim 1 , wherein the rotational vibration detecting means is 
based on a physical model of the vehicle drive train and includes an observer that observes the vibrational compo- 

45 nent of the rotational vibration included in the certain vehicle state quantity. 

4. A rotational vibration control apparatus according to any one of claims 1-3, wherein the rotational vibration sup- 
pressing means changes the engine torque or the change gear ratio In view of variations In response characteris- 
tics of the engine or the transmission, respectively. 

50 

5. A rotational vibration control apparatus according to any one of claims 1-4, wherein the vehicle has a control sys- 
tem, and wherein the rotational vibration suppressing means changes a controller of the control system depending 
upon the change gear ratio. 

55 6. A rotational vibration control apparatus according to any one of claims 1-4, wherein the rotational oscillation sup- 
pressing means derives a controller of a control system based on a model in which the change gear ratio is fixed. 

7. A control method for suppressing rotational vibration of a drive train of a motor vehicle, comprising the steps of: 
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detecting a vibrational connponent of rotational vibration of the drive train, said vibrational component being 
included in a certain vehicle state quantity comprising at least one of a torque of an output shaft, an accelera- 
tion in a longitudinal direction of the vehicle, a speed of rotation of an input shaft of a transmission, and a speed 
of rotation of an output shaft of the transmission; and 

changing at least one of an engine torque and a change gear ratio, based on the vibrational component of the 
detected rotational vibration. 

A control method according to daim 7, further comprising the step of: 

detecting at least one vehicle state quantity including the certain vehicle state quantity, 
wherein said step of detecting a vibrational component of rotational vibration comprises the steps of: 
calculating the certain vehicle state quantity based on a rigid model of the vehicle drive train; and 
determining the vibrational component of the rotational vibration by comparing the certain vehicle state quan- 
tity detected, with the certain vehicle state quantity calculated based on the rigid model of the vehicle drive 
train. 
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FIG. 7A 
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